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Abstract
Background—In animal studies, organochlorine pesticide (OCP) exposure alters pubertal 
development, however, epidemiological data are limited and inconsistent.
Objective—To evaluate the associations of serum OCP concentrations [hexachlorobenzene 
(HCB), β-hexachlorocylohexane (β-HCH), and p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE)] 
with male pubertal onset.
Methods—In Chapaevsk, Russia, a town environmentally contaminated with OCPs, 350 8–9 
year old boys with measured OCPs were enrolled during 2003–2005 and were followed annually 
for eight years. We evaluated three measures of pubertal onset: testicular volume (TV) > 3 mL in 
either testis, or stage 2 or greater for genitalia (G2+), or pubic hair (P2+). We used multivariable 
interval-censored models to evaluate associations of OCPs (quartiles) with physician-assessed 
pubertal onset.
Results—In adjusted models, boys with higher HCB concentrations had later mean ages of TV > 
3 mL and P2+ (but not G2+). Mean age at attaining TV > 3 mL was delayed 3.6 (95% CI: −2.6, 
9.7), 7.9 (95% CI: 1.7, 14.0), and 4.7 months (95% CI: −1.4, 10.9) for HCB Q2, Q3, and Q4, 
respectively, compared to Q1 (trend p: 0.06). Boys with higher HCB concentrations reached P2+ 
0.1 months earlier (95% CI: −5.8, 5.6) for Q2, 4.7 months later (95% CI: −1.0, 10.3) for Q3 and 
4.6 months later (95% CI: −1.1, 10.3) for Q4 compared to Q1 (trend p: 0.04). There were no 
associations of serum β-HCH and p,p′-DDE concentrations with age of pubertal onset.
Conclusion—Higher prepubertal serum HCB concentrations were associated with later age of 
gonadarche and pubarche.
Keywords
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1. INTRODUCTION
Puberty is a dynamic process, characterized by rapid hormonal, physiologic, and behavioral 
changes including secondary sexual maturation and acceleration in linear and muscle mass 
growth (Giedd et al., 2006; Tanner and Whitehouse, 1976). Two hormonally distinct 
processes are involved in puberty: the maturation of the hypothalamic pituitary gonadal 
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(HPG) system (“gonadarche”) and adrenarche (Havelock et al., 2004; Kronenberg et al., 
2008). These two pathways appear to be discretely regulated and activated by different cues 
(Havelock et al., 2004; Kronenberg et al., 2008). While androgens produced by either the 
adrenals or the testes can cause virilization of the genitalia and pubic hair, testicular 
enlargement indicates HPG activation. Pubic hair growth (“pubarche”) is typically 
associated with adrenarche (Havelock et al., 2004). A number of factors including body 
composition, diet, and environmental exposures may interfere with gonadarche or pubarche 
(Golub et al., 2008; Kaplowitz 2008; Mustanski et al., 2004).
Environmental chemicals that may affect male puberty include organochlorine pesticides 
(OCPs) such as hexachlorobenzene (HCB), β-hexachlorocyclohexane (β-HCH), and 1,1,1,-
trichloro-2,2,bis(p-chlorophenyl)ethane (DDT), which were historically used as insecticides 
and fungicides (Barber et al., 2005; Breivick et al., 1999; Jaga and Dharmani, 2003). HCB 
and β-HCH can also be unintentional by-products of chlorinated chemicals manufacturing 
(Courtney 1979; Jung et al., 1997). These lipophilic compounds as well as DDT’s primary 
metabolite, p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE), are highly stable, 
environmentally persistent, have long biological half-lives, and bioaccumulate through the 
food chain (Barber et al., 2005; Breivick et al., 1999; Jaga and Dharmani, 2003; Jung et al., 
1997).
In rodents, fetal and peripubertal (post-natal day 21) p,p′-DDE exposure delayed male 
preputial separation (PPS) (Kelce et al., 1995), a marker of male puberty, and caused other 
male reproductive abnormalities (Ashby and Lefevre, 2000; Fry and Toone, 1981; Gray et 
al., 2001; Guillette et al., 1994; Kelce et al., 1995; Quinn et al., 2008). In contrast, in utero 
or post-natal HCB and β-HCH exposure caused reproductive and developmental 
abnormalities but did not affect the timing of PPS (Arnold et al., 1985; Courtney 1979; 
Simon et al., 1979; Van Velsen et al., 1986). Epidemiologic evidence on the associations of 
OCPs and puberty is sparse and inconsistent. While in a North Carolina prospective study, 
measures of prenatal and lactational p,p′-DDE exposures were not associated with pubertal 
stage among boys aged 10–15 years (Gladen et al., 2000), a cross-sectional study of Flemish 
boys aged 14–15 years found an association of both serum p,p′-DDE and HCB 
concentrations with earlier pubic hair and genital development (Den Hond et al., 2010). To 
date, no studies on the association between β-HCH and pubertal development in children 
have been published. Given the suggestive animal evidence and the limited epidemiologic 
evidence on the relationship between OCPs and male puberty, we sought to assess this using 
a study design that improved upon methodological issues identified in prior studies.
Among Russian boys residing in a city with high environmental organochlorine 
contamination, we previously demonstrated that prepubertal serum dioxin concentrations 
were associated with a later pubertal onset defined as testicular volume (TV) > 3 mL 
(Korrick et al., 2011). In contrast, in the same cohort, maternal PCB concentrations 
measured at boys’ study entry (age 8–9 years) were associated with earlier pubertal onset 
defined by Tanner genitalia stage 2 (G2) or higher (Humblet et al., 2011). In the present 
analysis, we examined the association of the boys’ prepubertal serum concentrations of 
HCB, β-HCH, and p,p′-DDE with their age at pubertal onset.
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The Russian Children’s Study is an ongoing prospective cohort study of 499 boys in 
Chapaevsk, Russia, enrolled at age 8–9 years in 2003–2005, in a community with high 
environmental organochlorine contamination (Burns et al., 2012; Lam et al., 2013). A 
factory complex produced organochlorine compounds, including HCB, HCH and its 
derivatives (α, β, γ-HCH) but not DDT (Akhmedkanov et al., 2002). Briefly, 623 boys 8–9 
years of age were identified from the town-wide health insurance system. Of these, 572 were 
eligible and 516 (90%) agreed to participate, although 17 boys were subsequently excluded 
because they were orphans (precluding collection of residential history and other 
information) (Burns et al., 2012; Lam et al. 2013). OCPs were not measured for the first 144 
boys enrolled in the study, and five boys with severe chronic medical conditions that could 
affect growth were excluded from this analysis, leaving 350 of the original 499 boys with 
measured OCPs. The study was approved by the Human Studies Institutional Review 
Boards of the Chapaevsk Medical Association, Harvard School of Public Health, University 
of Massachusetts Medical School, and Brigham and Women’s Hospital. The parent/guardian 
gave informed consent and the boys signed assent forms prior to participation.
The parent/guardian completed nurse-administered health and lifestyle questionnaires at 
entry on the child’s birth, medical, and family history, physical activity, parental occupation 
and education, residential history, household income, and also completed a Russian Institute 
of Nutrition food frequency questionnaire to ascertain the child’s dietary information; 
similar questionnaires were completed at annual study visits.
2.2. Physical Examination and Pubertal Assessment
At study enrollment and annual visits thereafter, a standardized physical examination was 
conducted. Body mass index (BMI; kg/m2) was calculated from measured height and 
weight. A single investigator (O.S.) performed annual pubertal assessments for up to eight 
follow-up visits according to a written protocol and without knowledge of the boys’ OCP 
serum concentrations. TV was measured using a Prader orchidometer. Pubertal assessment 
for genitalia and pubic hair was based on a scale of 1 (immature) to 5 (sexually mature) by 
visual inspection according to established criteria (Tanner and Whitehouse, 1976). Pubertal 
onset was defined as stage 2 or higher for genitalia (G2+), or pubic hair growth (P2+), or TV 
> 3 mL for either testis.
2.3. Organochlorine Exposure Assessment
Fasting blood samples were collected from eligible boys at study entry and then centrifuged, 
aliquoted, and stored at −35°C until shipment on dry ice to the U.S. Centers for Disease 
Control and Prevention, Atlanta, GA for analysis. The samples, including method blanks 
and quality control samples, were spiked with 13C12-labeled pesticides, extracted by C18 
solid-phase extraction (SPE) followed by a multi-column automated cleanup and enrichment 
procedure using either large-volume (Turner et al., 1997) or small-volume SPE (Sjodin et 
al., 2004). Samples were analyzed with high-resolution mass spectrometry in selective ion 
monitoring mode (Barr et al., 2003). Total serum lipid content was determined from 
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enzymatic measurements of total cholesterol and triglycerides (Phillips et al., 1989). 
Analytical coefficients of variation (CVs) for individual OCPs in QA/QC samples ranged 
between 10 and 15%. All OCP concentrations were above the limit of detection and were 
expressed as both a wet-weight (pg/g serum) and lipid-normalized (ng/g lipid).
2.4. Statistical Analysis
Interval-censored survival analyses, both unadjusted and adjusted for potential confounders, 
were used to evaluate associations between boys’ serum OCP concentrations (wet-weight 
concentrations categorized into quartiles with total serum lipids included as a covariate) and 
age of pubertal onset; each quartile was compared to the lowest quartile and tests for trend 
were performed by modeling OCP quartiles as an ordinal variable. We assumed a normal 
distribution for age at pubertal onset. Maximum likelihood estimates of regression 
parameters were obtained with the SAS LIFEREG procedure. The interval-censored 
approach assumed onset occurred in the interval between study visits (interval-censored), 
already occurred (left-censored), or had not yet occurred (right-censored). We calculated the 
overall mean age of onset for each pubertal measure. Additionally, we calculated the mean 
age of onset for each OCP quartile and pubertal measure for a given set of model-specific 
covariates set at the mean or reference levels.
Covariates considered in the models included potential determinants of pubertal onset 
obtained at enrollment (Table 1): boys’ birth weight, gestational age, nutrition (total caloric 
intake, percent calories from fat, protein, and carbohydrates), blood lead levels (BLLs), BMI 
and height z-scores (defined according to WHO child growth standards) (de Onis et al., 
2007), maternal age at menarche, maternal age at son’s birth, breastfeeding duration, parity, 
monthly household income, parental education, and household smoking during pregnancy. 
We first developed a core model by evaluating the associations of each covariate with 
pubertal onset and retaining those with a p < 0.20. Covariates meeting this criterion were 
then included into a full model; backwards selection (likelihood ratio test) was then used to 
exclude the covariates with p > 0.10. To check for confounding, covariates were added 
individually back into the final model and retained if they resulted in a ≥ 10% change in the 
OCP coefficient estimates obtained from the trend test. Each onset model (G2+, TV > 3 mL, 
P2+) was allowed to have unique model covariates. Statistical significance was defined as p 
≤ 0.05. All statistical analyses were conducted using SAS statistical software, version 9.2 
(SAS Institute Inc., Cary, North Carolina).
Since height and BMI at enrollment may be on the causal pathway between OCPs and 
pubertal onset, we excluded these covariates in the primary analysis but conducted 
sensitivity analyses by adding them to final models. Because maternal age at menarche was 
missing for 8% of boys (n=26) and was a predictor for only G2+ and TV > 3 mL, we 
conducted sensitivity analyses comparing models with and without maternal age at 
menarche for these two measures. We also conducted sensitivity analyses further adjusting 
for reported daily physical activity at baseline in final models, given some evidence, 
although more in females, that intense exercise (e.g., gymnastics, ballet) may delay puberty 
(Georgopoulos et al., 1999; Warren 1980; Warren and Perlroth, 2001). Finally, we 
performed an alternative analysis using quartiles of lipid-normalized serum OCP 
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concentrations (wet-weight levels divided by lipid concentrations) for comparison to our 
analysis with wet-weight serum OCPs.
3. RESULTS
3.1. OCP concentrations and demographic characteristics
The median (25th, 75th percentiles) concentrations for wet-weight serum HCB, β-HCH, and 
p,p′-DDE were 754 (522, 1159), 814 (560, 1294), and 1408 (904, 2324) pg/g serum, 
respectively. The median (25th, 75th percentiles) concentrations for lipid-normalized serum 
HCB, β-HCH, and p,p′-DDE were 159 (107, 247), 168 (114, 272), and 287 (189, 492) ng/g 
lipid, respectively. At study entry, the boys were generally within age-expected ranges for 
stature and weight (mean WHO height and BMI Z-score=0.12 and −0.17, respectively) 
(Table 1). Boys with and without OCP measurements (n=350 vs. 144) did not differ 
significantly by height and BMI z-scores, weight, and birth characteristics (Lam et al., 
2013). However a greater percentage of boys with OCP measurements were in the highest 
household income (44% vs. 26%) and parental education categories (35% vs. 27%) than 
boys without OCP measurements.
3.2. Pubertal onset characteristics
The retention rate was 72% after 8 years and 71% had at least 8 examinations by age 16–17 
years. The overall estimated mean age (95% CI) of pubertal onset for G2+, TV > 3 mL, and 
P2+ was 9.5 (9.3, 9.7), 10.3 (10.1, 10.5), and 12.0 years (11.8, 12.2), respectively. By the 
16–17 year study visit, 92%, 89%, and 78% had attained pubertal onset defined by G2+, TV 
> 3 mL, and P2+, respectively.
3.3. Determinants of pubertal onset
In unadjusted analyses, on average, boys with high baseline BLLs (≥ 5μg/dL) had 
significantly later pubertal onset, with onset occurring 10.1 months (95% CI: 4.3, 15.8) for 
G2+, 8.7 months (95% CI: 3.5, 14.0) for TV > 3 mL, and 6.4 months (95% CI: 1.6, 11.3) for 
P2+ later, compared to boys with low BLLs. Baseline dietary nutritional intake was also 
significantly associated with G2+, which occurred a mean of 1.6 months earlier (95% CI: 
−3.0, −0.2) for each additional 500 calories consumed per day. Greater percent calories from 
dietary fat were associated with earlier G2+, TV > 3 mL and P2+. Additionally, for every 
500 grams increase in birth weight, G2+ and TV > 3 mL occurred 5 to 5.5 months earlier on 
average.
WHO height z-scores and BMI at study entry were significant predictors for all pubertal 
onset measures. Boys who were classified as thin or very thin (de Onis et al., 2007) reached 
G2+, TV > 3 mL, and P2+ a mean of 12.3 months (95% CI: 6.6, 18.1), 7.7 months (95% CI: 
2.4, 13.1), and 5.8 months (95% CI: 0.9, 10.7) later, respectively, compared to those 
classified with a normal BMI. Higher height z-scores were also associated with significantly 
earlier pubertal onset, ranging from 3.7 to 7.7 months earlier for each 1 SD increase.
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3.4. Association of OCPs with gonadarche (TV > 3 mL and G2+)
In adjusted models, boys with higher HCB concentrations attained TV > 3 mL later 
compared to Q1 (trend p: 0.06, Table 2, Figure 1). The estimated mean age of pubertal onset 
was 9.8 years (95% CI: 9.4, 10.2) for TV > 3 mL for the lowest HCB quartile and 10.2 years 
(95% CI: 9.8, 10.6) for the highest HCB quartile. While we observed no difference in age at 
onset for Q2 or Q3 of p,p′-DDE compared to Q1, we observed a suggestive though non-
significant later mean age of TV > 3 mL and G2+ for Q4 vs. Q1 (Table 2). No association 
was found for β-HCH with TV > 3 mL, nor did we observe associations of G2+ with HCB 
or β-HCH.
3.5. Association of OCPs with pubarche (P2+)
There was no difference in mean age of reaching P2+ for Q2 vs. Q1 of HCB, but at higher 
mean concentrations of HCB, P2+ was attained later in adjusted models (trend p: 0.04, Table 
2, Figure 1). The estimated mean age of P2+ ranged from 11.7 years (95% CI: 11.3, 12.1) 
for the lowest HCB quartile to 12.1 years (95% CI: 11.7, 12.5) for the highest HCB quartile. 
We found no association between β-HCH or p,p′-DDE and P2+.
3.6. Sensitivity analyses
Given the complex interrelationship of height and BMI with pubertal onset, in which both 
may be related to pubertal onset and/or the causal pathway between serum OCP 
concentrations and onset, we performed sensitivity analyses further adjusting for height z-
scores and BMI. After adjustment, the effect estimates for the association of serum OCPs 
with pubertal onset were attenuated but dose-response patterns across quartiles were similar 
to primary models without BMI and height z-scores (Table 3). Further adjustment for 
maternal age at menarche in 324 boys also demonstrated slight attenuation in HCB effect 
estimates, but overall similar dose-response patterns to the primary models without maternal 
age at menarche (Supplemental Table 1). Results were essentially unchanged in sensitivity 
analyses adjusting for physical activity at enrollment (data not shown).
Alternative analyses based on lipid-normalized serum OCPs demonstrated stronger 
associations of HCB with TV > 3 mL and P2+ than models with wet-weight serum OCPs 
adjusted for serum lipids (Supplemental Tables 2–4, Supplemental Figures 1–2). The 
suggestive association of later G2+ with the highest p,p′-DDE quartile was stronger with 
lipid-normalized measures.
4. DISCUSSION
In our prospective cohort study, we found a relationship between higher prepubertal serum 
HCB concentrations and later pubertal onset delineated by TV > 3 mL and P2+. We also 
identified several predictors of male pubertal onset that were consistent with prior studies, 
including birth weight, caloric intake, and high BLLs (Adair 2001; Denham et al., 2005; 
Karaolis-Danckert et al., 2009; Ong et al., 2009; Selevan et al., 2003; Wang et al., 2012; 
Williams et al., 2010; Wu et al., 2003).
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The predicted mean age of 12.0 years for pubarche (P2+) in our Russian cohort was 
consistent with other cross-sectional studies (Herman-Giddens et al., 2001; Juul et al., 2006; 
Sun et al., 2002), but the predicted mean age of onset of genital development (G2+) (9.5 
years) was slightly younger than other pediatric cohorts (Table 4). In comparison to a 
Danish cohort using the same definition of TV onset (> 3 mL) (Sorensen et al., 2010), the 
boys in our cohort on average reached onset at 10.3 years, which is more than 1 year 
younger than the Danish boys. Our findings however were comparable to the mean age of 
TV onset (≥ 3 mL) in U.S. boys (Herman-Giddens et al., 2012).
Our primary finding was an association of serum HCB concentrations with later onset 
defined by P2+ as well as TV > 3 mL. The observed effects on TV > 3mL and P2+ may be 
mediated through the aryl hydrocarbon receptor (AhR) for which HCB is a weak agonist 
(Hahn et al., 1989). AhR signaling has been shown to inhibit androgen production and 
androgen receptor binding in animals (Hahn et al., 1989; Ralph et al., 2003). Given that 
HCB is lipophilic and present in fat and androgen-producing endocrine glands (Foster et al., 
1993), and pubic hair growth in humans typically results from rising levels of adrenal or 
testicular androgens (Kronenberg et al., 2008), we speculate that HCB may impair either 
androgen metabolism or receptor binding, which could affect sexual hair follicular 
development (Randall 2008). The regulation of adrenarche is poorly understood but it is 
possible that HCB could perturb maturation of the zona reticularis of the adrenals, the sex 
steroid producing zone (Havelock et al., 2004; Zawatski and Lee, 2013). Measurement of 
adrenal androgens in this cohort will help elucidate the mechanism.
The observed association with TV > 3 mL, but not G2+, may reflect the more reliable and 
precise measurement of TV, which is measured with a standardized orchidometer, compared 
to the more subjective Tanner genitalia staging (Ankarberg-Lindgren et al., 2004; Biro et al., 
1995; Euling et al., 2008; Largo and Prader, 1983; Sorensen et al., 2012; Zachmann et al., 
1974). Alternatively, differential effects on the regulation of gonadarche by the HPG system 
could account for our findings (Kronenberg et al., 2008). Kisspeptins, a family of peptides 
found in the hypothalamus, stimulates pulsatile secretion of gonadotropin releasing hormone 
(GnRH) to induce puberty (Zawatski and Lee, 2013). GnRH stimulates luteinizing hormone 
(LH) and follicle stimulating hormone (FSH) secretion from the pituitary. LH, in turn, 
stimulates the Leydig cells to produce testosterone, resulting in masculinization of the 
genitalia (Kronenberg et al., 2008; Zawatski and Lee, 2013). In the Sertoli cells, FSH in 
combination with testosterone promotes maturation of the seminiferous tubules and 
spermatogenesis, which contributes to puberty-associated increases in testicular size 
(Kronenberg et al., 2008; Zawatski and Lee, 2013). We found no association of timing of 
G2+ with prepubertal OCP measurements, but did find a delay in testicular growth. In the 
early phases of puberty, much of the increase in testicular size reflects growth of the 
seminiferous tubules, therefore we speculate that HCB may differentially affect maturation 
of the seminiferous tubules but not the interstitial Leydig cells. The lack of disruption with 
Leydig cell androgen production would result in normal onset of genitalia staging, but the 
delay in Sertoli cell proliferation and spermatogenesis would manifest as a delay in testicular 
enlargement (Kronenberg et al., 2008; Zawatski and Lee, 2013). Our plans to measure 
reproductive hormones in this cohort will help elucidate the pathways affected by the 
pesticide concentrations.
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As OCPs are lipophilic and the optimal approach to account for lipids in analyses of these 
measures is uncertain (Li et al., 2013; Schisterman et al., 2005), we conducted alternative 
analyses comparing lipid-normalized measures with wet-weight measures adjusted for total 
serum lipids. Though lipid-normalized measures led to stronger dose-response associations 
compared to wet-weight measures adjusted for serum lipids, our interpretations of the main 
findings were unchanged. Based on simulation studies by Schisterman et al. (2005) 
comparing lipid-normalized vs. wet-weight models adjusted for serum lipids and uncertainty 
regarding how consistently OCPs are partitioned in the lipid fraction of serum, we believe 
that the use of wet-weight measures is most appropriate and has minimal bias. Additionally 
as it is not yet clear which approach is appropriate for analyses of pubertal onset and 
because our findings for wet-weight and lipid-normalized OCP concentrations were similar, 
we believe that potential bias related to the approach used for lipid-normalized 
concentrations is unlikely to have impacted our findings.
A limitation of our study is having a single OCP measurement at enrollment during the 
prepubertal window, thus we were unable to assess ongoing exposures. HCB concentrations 
among the boys in this cohort were much higher than other pediatric populations in the U.S. 
(Lam et al., 2013; Patterson et al., 2009) (median HCB in Russia vs. U.S: 158 ng/g lipid vs. 
13.4 ng/g lipid). Thus, while the lowest quartile serves as the reference category in our 
analyses, some boys in this lowest quartile still had relatively high HCB concentrations 
compared to U.S. boys. This may affect our ability to generalize to populations with lower 
concentrations. In contrast, perhaps because p,p′-DDE was never manufactured in 
Chapaevsk, p,p′-DDE concentrations in our cohort were comparable to background levels in 
the U.S. and other countries (Lam et al., 2013; Patterson et al., 2009). While we did not 
observe a difference in age of pubertal onset between Q2 and Q3 of p,p′-DDE compared to 
Q1, there was suggestive evidence of a later onset (especially for G2+) in the most exposed 
(Q4) quartile, consistent with a potential threshold dose-response.
Strengths of our cohort study include a prospective design, a fairly large sample size, a wide 
range of HCB, β-HCH, and p,p′-DDE serum concentrations obtained in a prepubertal 
developmental window, and the use of three established pubertal markers assessed by a 
single physician, eliminating inter-examiner variability (Carlsen et al., 2000). Finally, 
retention in this cohort is high and there is no detectable loss to follow-up bias by 
demographic factors.
5. CONCLUSION
We found that higher prepubertal serum HCB concentrations were associated with later 
onset of pubic hair development and testicular growth. Our future plans to assess 
reproductive hormones in this cohort will enable us to better understand how HCB is 
delaying pubertal onset. Further follow-up of this cohort will provide the opportunity to 
assess the relationship between OCPs and sexual maturity. Disruptions in pubertal 
development can have long-lasting effects on adult behavior and reproductive health as 
observed in both human and animal studies. Therefore, identifying environmental agents 
that affect pubertal onset and maturation is of public health importance.
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• Higher prepubertal serum HCB levels were associated with later male pubertal 
onset.
• Associations were observed at high HCB serum levels relative to other 
populations.
• No significant associations noted with p,p′-DDE or β-HCH and male pubertal 
onset.
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Figure 1. Adjusted Mean Shifts in Age at Pubertal Onset (Months, 95% CIs) by Quartiles of 
Wet-Weight Serum OCP Concentrations Among 350 Russian Boysa,b,c
*p ≤ 0.05
**p ≤ 0.10
Shift in months is relative to Q1 (reference)
aG2+ model adjusted for baseline covariates: boys’ total serum lipids, birth weight, 
macronutrients (total caloric intake, percent calories from dietary carbohydrates, fat, and 
protein), blood lead levels; missing birth weight (n=1), macronutrients (n=3)
bTV > 3 mL model adjusted for baseline covariates: boys’ total serum lipids, birth weight, 
macronutrients (total caloric intake, percent calories from dietary carbohydrates, fat, and 
protein), blood lead levels; missing birth weight (n=1), macronutrients (n=3)
cP2+ model adjusted for baseline covariates: boys’ total serum lipids, macronutrients (total 
caloric intake, percent calories from dietary carbohydrates, fat, and protein), blood lead 
levels, maternal age at birth, household income; missing macronutrients (n=3), household 
income (n=1), maternal age at birth (n=2)
dHCB wet-weight quartiles (Q1–Q4, pg/g serum): Q1: 169–516; Q2: 517–751; Q3: 752–
1,156; Q4: 1,157–15,482
eβ-HCH wet-weight quartiles (Q1–Q4, pg/g serum): Q1: 209–567; Q2: 568–814; Q3:815–
1,294 Q4: 1,295–13,732
fp,p′-DDE wet-weight quartiles (Q1–Q4, pg/g serum): Q1: 261–907; Q2: 908–1,406; Q3: 
1,407–2,327; Q4: 2,328–41,301
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Table 1
Characteristics of participants in the Russian Children’s Study with serum organochlorine pesticide 
measurements at study entry (ages 8–9 years)
Characteristic Total boys (n=350)
Child Characteristics Mean ± SD or N (%)
Growth Measurements
 Height (cm) 129.0 ± 6
 Weight (kg) 26.6 ± 5.4
 Body Mass Index (BMI) 15.9 ± 2.3
 WHO Height z-score 0.12 ± 1.0
 WHO BMI z-score −0.17 ± 1.3
Birth and Neonatal History
 Birth Weight (kg) 3.3 ± 0.5
 Gestational Age (wks) 39.0 ± 1.8
 Preterm birth (gestational age <37 wks) 33 (9)
Macronutrients
 Total calories (calories) 2695.7 ± 931.0
 % carbohydrates 54.3 ± 6.6
 % fat 34.2 ± 5.9
 % protein 11.6 ± 1.6
Other Characteristics
 High blood lead levels (>5μg/dL) 86 (25)
Parental and Residential Characteristics
 Any household smoking during pregnancy 58 (17)
 Maternal age at son’s birth (<25 yrs) 222 (63)
 Maternal age at menarche (yrs) 13 ± 1.3
 Maximum Parental Education
  High School or Less 29 (8)
  Jr College/Technical School 198 (57)
  University/Post-Graduate Training 121 (35)
 Household Income, US $ per month
  <175$ 107 (31)
  175–250$ 88 (25)
  >250$ 154 (44)
Percentages may not total 100% due to rounding.
Missing: Birth weight, n=1; Any household smoking during pregnancy, n=5; Maternal age at birth, n=3; Maternal age at menarche, n=26; 
Maximum parental education, n=2; Household income, n=1; Macronutrients, n=3
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